A hybrid ribulosebisphosphate carboxylase/oxygenase enzyme exhibiting a substantial increase in substrate specificity factor.
Two hybrid ribulose-1,5 bisphosphate carboxylase/oxygenase (RubisCO) enzymes were constructed using RubisCO small subunit genes (rbcS) from two eucaryotic marine organisms, Cylindrotheca sp. N1 and Olisthodiscus luteus, cloned downstream of the RubisCO large subunit gene (rbcL) of the cyanobacterium Synechococcus PCC 6301. The expression products synthesized by Escherichia coli JM107 (pVTAC223 and pANOLI) were purified and examined by polyacrylamide gel electrophoresis and compared to the purified products generated by E. coli MV1190 (pBGL710), containing cyanobacterial rbcL and rbcS genes. Both Cylindrotheca and Olisthodiscus small subunits were able to assemble in vivo with the Synechococcus large subunit octamer to form heterologous hexadecameric L8S8 enzymes, the pVTAC223 and pANOLI hybrid enzymes, respectively. Like the Synechococcus RubisCO, the hybrid enzymes were rapidly activated by Mg2+ plus HCO3-, even in the presence of RuBP. The hybrid enzymes, however, were considerably more sensitive to the competitive inhibitor 6-phosphogluconate. Detailed kinetic analysis indicated that while the carboxylase activity of both chimeric enzymes was severely reduced, in the case of the pVTAC223 hybrid enzyme, the degree of partitioning between carboxylation and oxygenation was increased nearly 60% relative to the Synechococcus RubisCO. Other kinetic properties, including the Michaelis constants for the gaseous substrates and RuBP, were altered in the hybrid proteins. These studies also led to the finding that the substrate specificity factor of the Cylindrotheca RubisCO is unusually high.